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(54) [Title of the Invention] Crystal growth method 
(57) [Abstract] 

[Problems to be solved] With respect to a method for solid-phase growth from amorphous 
silicon (a-Si) to polysilicon (p-Si), to reduce impurities inside a polysilicon film formed by 
solid phase growth or laser annealing. 

[Means to solve the Problem] A step of selectively etching a crystal defect 5 that is present 
in a polysilicon film 2a formed by solid phase growth of an amorphous silicon film 2 by 
heating is included. 
[Scope of Claims] 

[Claim 1] A crystal growth method characterized by having the step of selectively etching a 
crystal defect that is present in a polysilicon film formed by solid phase growth of an 
amorphous silicon film by heating. 

[Claim 2] A crystal growth method characterized by having the steps of: 
forming an amorphous silicon film on a substrate; 

heating the amorphous silicon film to grow a polysilicon film by solid phase 

growth; 

selectively etching a crystal defect present in the polysilicon film; and 
heating the polysilicon film to be grown by solid phase growth. 
[Claim 3] A crystal growth method characterized by having the steps of: 
forming a first amorphous silicon film on a substrate; 

heating the first amorphous silicon film to be grown into a first polysilicon film by 
solid phase growth; 

selectively etching a crystal defect present in the first polysilicon film; 

forming a second amorphous silicon film on the first polysilicon film; and 

heating the second amorphous silicon film to be grown into a second polysilicon 
film by solid phase growth. 

[Claim 4] A crystal growth method according to Claim 2 or Claim 3, characterized in that 
the heating of the polysilicon film and the second amorphous silicon film is performed by 
laser light irradiation. 

[Claim 5] A crystal growth method according to any one of Claim 2 to Claim 4, 
characterized in that the polysilicon film is heated by laser light irradiation to increase the 
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crystal grain diameter of the polysilicon film after the step of solid phase growth of the 
polysilicon film and before the step of selectively etching the crystal defect. 
[Claim 6] A crystal growth method characterized by having the step of moving an impurity 
in a polysilicon film formed by growing an amorphous silicon film by solid phase growth 
so as to capture the impurity in an impurity capturing layer which is formed over or under 
the amorphous silicon film by heating. 

[Claim 7] A crystal growth method according to Claim 6, characterized in that the impurity 
capturing layer is removed after the impurity in the polysilicon film or the polysilicon film 
is captured in the impurity capturing layer. 

[Claim 8] A crystal growth method according to Claim 7, characterized in that the impurity 
capturing layer is a semiconductor layer with density, distribution, and size of crystal 
defect, which are different from the polysilicon film. 

[Claim 9] A crystal growth method according to Claim 6 or Claim 7, characterized in that 
the impurity capturing layer is a semiconductor layer with a lattice constant different from 
the polysilicon film. 

[Claim 10] A crystal growth method according to Claim 6 or Claim 7, characterized in that 
the impurity capturing layer is a semiconductor layer containing phosphorus or boron. 
[Claim 11] A crystal growth method according to any one of Claim 6 to Claim 10, 
characterized in that heating for moving the impurity is performed by laser light 
irradiation. 

[Claim 12] A crystal growth method according to any one of Claim 1 to Claim 11, 
characterized in that the amorphous silicon film before the solid phase growth is doped 
with nickel or copper in a concentration of 1 x 10 17 cm" 3 or more. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The invention relates to a crystal growth method and a 
semiconductor device, specifically to a method for solid phase growth from amorphous 
silicon (a-Si) into polysilicon (p-Si) and a semiconductor device made from the polysilicon 
film using the method. 
[0002] 

[Prior Art] With increase in information as a backdrop, with respect to a liquid crystal 
display (LCD) which has large capacity and can display characters or images are expected. 
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Accordingly, a nonlinear element is added to a pixel to equivalently give sharp threshold 
characteristics to liquid crystal which does not have enough sharp threshold characteristics, 
so that the display capacity is improved while keeping high display contrast. 
[0003] There is a thin film transistor (TFT) as one of such nonlinear elements. Today, 
application of an amorphous silicon (a-Si) film is predominant; however, more lately, 
reduction in resistance and increase in on-state current have been required to improve the 
response speed. Accordingly, a semiconductor film made of p-Si which has better 
crystallinity than a-Si is considered to be used. The followings are 3 methods which are 
mainly used to form a polysilicon film. 

[0004] There are (1) a method in which a polysilicon film is grown directly on a heated 
glass substrate by CVD (a formation method of a polysilicon film by CVD), 

(2) a method in which an a-Si film is melted by laser annealing, and is crystallized by 
cooling to be grown into a polysilicon film (a formation method of a polysilicon film by a 
laser annealing technique), 

(3) a method in which an a-Si film is heat-treated at a temperature of about 600 °C for 
about 40 hours, and to be crystallized and grown into a polysilicon film (a formation 
method of a polysilicon film by solid phase growth), and 

(4) a method for forming a polysilicon film with larger crystal grain diameter by 
combining the formation method of a polysilicon film by a laser annealing technique and 
the formation method of a polysilicon film by solid phase growth. 

[0005] 

[Problem to be solved by the Invention] However, in the formation method of a polysilicon 
film by CVD, the heating temperature is high, which has a bad influence upon a glass 
substrate. In the formation method of a polysilicon film by a laser annealing technique or 
the formation method of a polysilicon film by solid phase growth, when impurities (a light 
element or a heavy metal element) are mixed in an a-Si film, the impurities are 
accumulated in the crystal grain boundaries or the like during heating for solid phase 
growth or cooling in laser annealing. Therefore, the electrical characteristics of TFTs 
formed in the polysilicon film are not enhanced. For example, increase in leak current is 
caused. 
[0006] 

Further, as already known, when an a-Si film is deliberately doped with an impurity such 



4/20 



JPH9-115831 

as Ni, not only the growth rate can be increased but also the temperature in solid phase 
growth is further lowered. However, in this case, a greater amount of impurities are to be 
accumulated in the grain boundaries or the like. Particularly in the case where a metal 
which forms a silicide is accumulated in the grain boundaries or the like, the electrical 
characteristics of the TFTs formed in the polysilicon film are deteriorated suddenly due to 
the formation of a silicide. 

[0007] Further, in the case of combining solid phase growth and laser annealing, impurities 
accumulated in the grain boundaries or the like are dissolved easily in solid state again 
since the crystal temperature approaches the crystal melting point in laser annealing. 
However, the impurities are frozen in defects or grain boundaries in the polysilicon film in 
cooling. Accordingly, a large amount of impurities are to be contained in the polysilicon 
film. The invention is made in view of problems of the above conventional example for 
the purpose of providing a crystal growth method by which impurities in a polysilicon film 
formed by solid phase growth or by laser annealing, and a semiconductor device formed on 
the polysilicon film. 
[0008] 

[Means to Solve the Problems] 

The above problem can be solved by a crystal growth method characterized by having the 
step of selectively etching a crystal defect that is present in a polysilicon film formed by 
solid phase growth of an amorphous silicon film by heating, that is the first invention; 
solved by a crystal growth method characterized by having the steps of forming an 
amorphous silicon film on a substrate, heating the amorphous silicon film to grow a 
polysilicon film by solid phase growth, selectively etching a crystal defect present in the 
polysilicon film, and heating the polysilicon film to be grown by solid phase growth, that is 
the second invention; solved by a crystal growth method characterized by having the steps 
of forming a first amorphous silicon film on a substrate, heating the first amorphous silicon 
film to be grown into a first polysilicon film by solid phase growth, selectively etching a 
crystal defect present in the first polysilicon film, forming a second amorphous silicon film 
on the first polysilicon film, and heating the second amorphous silicon film to be grown 
into a second polysilicon film by solid phase growth, that is the third invention; solved by a 
crystal growth method according to the second invention or the third invention, 
characterized in that the heating of the polysilicon film and the second amorphous silicon 
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film is performed by laser light irradiation, that is the fourth invention; solved by a crystal 
growth method according to any one of the second invention to the fourth invention, 
characterized in that the polysilicon film is heated by laser light irradiation to increase the 
crystal grain diameter of the polysilicon film after the step of solid phase growth of the 
polysilicon film and before the step of selectively etching the crystal defect, that is the fifth 
invention; solved by a crystal growth method characterized by having the step of moving 
an impurity in an amorphous silicon film or a polysilicon film formed by growing the 
amorphous silicon film by solid phase growth by heating so as to capture the impurity in an 
impurity capturing layer which is formed on or under the amorphous silicon film, that is 
the sixth invention; solved by a crystal growth method according to the sixth invention, 
characterized in that the impurity capturing layer is removed after the impurity in the 
amorphous silicon film or the polysilicon film is captured in the impurity capturing layer, 
that is the seventh invention; solved by a crystal growth method according to the sixth 
invention or the seventh invention, characterized in that the impurity capturing layer is a 
semiconductor layer with density, distribution, and size of crystal defect, which are 
different from the polysilicon film, that is the eighth invention; solved by a crystal growth 
method according to the sixth invention or the seventh invention, characterized in that the 
impurity capturing layer is a semiconductor layer with a lattice constant different from the 
polysilicon film, that is the ninth invention; solved by a crystal growth method according 
to the sixth invention or the seventh invention, characterized in that the impurity capturing 
layer is a semiconductor layer containing phosphorus or boron, that is the tenth invention; 
solved by a crystal growth method according to any one of the sixth invention to the tenth 
invention, characterized in that heating for moving the impurity is performed by laser light 
irradiation, that is the eleventh invention; and solved by a crystal growth method according 
to any one of the first invention to the eleventh invention, characterized in that the 
amorphous film before solid phase growth is doped with nickel or copper in a 
concentration of 1 x 10 17 cm" 3 or more, that is the twelfth invention. 

[0009] According to the present invention, a crystal defect that is present in a polysilicon 
film (p-Si film), which is formed by solid phase growth by heating an amorphous silicon 
film (a-Si film), is etched selectively. In the case where impurities (a light element or a 
heavy metal element) are mixed in the a-Si film, the impurities are accumulated in a crystal 
defect such as crystal grain boundaries during heating for solid phase growth or cooling in 
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laser annealing. Alternatively, in the case where the a-Si film is deliberately doped with 
nickel (Ni) or copper (Cu) of high concentration (concentration of more than lxl0 17 cm~ 3 ) 
in order to further lower the solid-phase growth temperature and enhance the growth rate, a 
greater amount of impurities are to be accumulated in the crystal defect, 
[0010] Thus, impurities are removed from the p-Si film by etching the crystal defect by 
selective etching. Accordingly, leak current in a transistor or the like which is formed on 
the p-Si film can be reduced. Further, when the polysilicon film is heated or irradiated 
with laser again after etching the crystal defect, the crystal grain diameter is made larger, 
and the surface having a depression, which is an etch mark, can be planarized. 
Alternatively, the surface can be planarized by filling the etch mark by coating an a-Si film 
after etching the crystal defect. 

[0011] Further, when the p-Si film is heated by laser light irradiation after the step of solid 
phase growth of the p-Si film and before the step of selectively etching the crystal defect, 
the crystal grain diameter of the p-Si film is increased; thus, the crystallinity of the p-Si 
film can be enhanced. Accordingly, the resistance can be reduced and the on-state current 
is increased in addition to that the mobility of carriers in a transistor or the like which is 
formed on the p-Si film is increased. 

[0012] Further, impurities in the a-Si film or in the p-Si film formed by solid phase growth 
of the a-Si film are moved by heating to be captured in an impurity capturing layer formed 
over or under the a-Si film. Thus, impurities are removed from the p-Si film. Especially, 
if the impurity capturing layer is removed after capturing the impurities to the impurity 
capturing layer, the impurities can be prevented from returning again to the p-Si film even 
in the case of adding heat treatment thereafter. 

[0013] For the impurity capturing layer, a semiconductor layer with density, distribution, 
and size of crystal defect, which are different from the p-Si film, a semiconductor layer 
with a lattice constant different from the p-Si film, or a semiconductor layer containing 
phosphorus or boron can be used. A distortion is generated in an interface between the 
impurity capturing layer and the p-Si film or in the impurity capturing layer itself. The 
impurities are considered to be captured in the distortion. 
[0014] 

[Mode for Carrying Out the Invention] An embodiment mode of the invention will be 
described below with reference to the drawings. 
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(1) First embodiment mode of the invention 

FIG. 1 is a flow chart showing a process procedure of a crystal growth method according to 
the first embodiment mode. Further, FIGS. 2(a) to (d), FIG 3(a), (b) are cross-sectional 
views of a crystal growth method according to the first embodiment mode, showing the 
case of (2) in the flow chart of FIG 1. 

[0015] First, an a-Si film 2 with a film thickness of about 50 nm is formed on a glass 
substrate 1 shown in FIG 2(a) by CVD, and is thereafter coated with a nickel acetate 
solution and dried to form a nickel film (Ni film) 3 which is not shown (FIG 2 (b)). 
Subsequently, Ni is dispersed in the a-Si film 2 by carrying out heat treatment at a 
temperature of 550 °C for four hours, and a p-Si film 2a having a crystal grain 4 is formed 
by solid phase growth of a-Si at the same time. Here, the solid-phase growth temperature 
is lowered since Ni is dispersed in the a-Si film 2a. However, in the p-Si film 2a, Ni with 
high diffusion coefficient is accumulated in a grain boundary 5. Further, the Ni reacts 
with Si; thus, a silicide is formed. The state after removing the Ni film 3 is shown in FIG 
2 (c). Further, the state after removing the grain boundary by etching is shown in FIG 2 

(d>. 

[0016] A TEM micrograph of p-Si which is doped with Ni and grown by solid phase 
growth is shown in FIG 5. It is found that a silicide is formed in the black part of the 
center. FIG. 4 (a) shows a diagram in which the number of secondary ions of Ni is 
counted by SIMS and is converted to concentration distribution of Ni in the depth direction. 
The horizontal axis indicates the depth (nm) on line scales, and the vertical axis indicates 
the nickel concentration (cm 3 ) in the p-Si film 2a on logarithmic scales. Ni is contained 
in a concentration of about lxlO 19 cm" 3 on average. The beam diameter of SIMS is 
several \im. Since Ni is accumulated in a crystal defect within the beam diameter, the 
measured Ni concentration is considered to be the average of the amount of Ni that is 
present in the beam diameter. Further, FIG 6 (a) is a photograph of the crystal surface, 
showing the result of observing irregularities on the surface of the p-Si film 2a, and the 
surface is planarized. 

[0017] Next, secco etching is performed using an etchant of a liquid mixture of potassium 
dichromate, hydrofluoric acid, and water. Accordingly, etching progresses along the 
crystal defect including the grain boundary 5 as shown in FIG. 2 (d). Concurrently, Ni 
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accumulated in the boundary 5 is also removed. FIG. 6 (b) is a photograph of a crystal 
surface, showing the result of observing irregularities on the surface of the p-Si film 2a 
after etching it, and black portions are removed by etching to be dented. FIG. 4 (b) is a 
diagram showing the concentration distribution of Ni in the depth direction. The 
horizontal axis and the vertical axis indicate the same thing as FIG 4 (a). Ni in the p-Si 
film 2a is greatly reduced to a concentration about 1 x 10 18 cm 3 or less on average. 
[0018] Subsequently, as shown in FIG 3 (a), an a-Si film 6 with a film thickness of about 
200 A is newly formed on the p-Si film 2a by CVD. Next, the a-Si film 6 is grown by 
solid phase growth to form a p-Si film by laser light irradiation, and the surface is 
planarized concurrently. Consequently, as shown in FIG 3 (b), the p-Si film 7 is formed 
on the glass substrate 1 as an element formation layer as a whole. 

[0019] FIG 4 (c) is a diagram showing the concentration distribution of Ni in the depth 
direction. The horizontal axis and the vertical axis indicate the same thing as FIG 4 (a). 
Ni in the p-Si film 7 in FIG 3 (b) is maintained at a concentration of about 1 x 10 18 cm" 3 or 
less on average. Further, FIG. 6 (c) is a photograph of the crystal surface, showing the 
result of observing irregularities on the surface of the p-Si film 7, and the surface is found 
to be planarized. 

[0020] As described above, in the case where the a-Si film 2 is deliberately doped with Ni 
at high concentration (a concentration of 1 x 10 17 cm" 3 or more) for the purpose of 
improving the growth rate in addition to lowering the solid-phase growth temperature, a 
greater amount of impurities are accumulated in the crystal defect of the grain boundary 4 
or the like; however, Ni is removed from the p-Si film 2a by etching the crystal defect by 
selective etching. 

[0021] Accordingly, leak current in a transistor or the like which is formed on the p-Si film 
7 can be reduced. Further, the a-Si film 6 is coated after etching the crystal defect, and a 
surface having a depression that is an etch mark can be planarized by laser annealing. 
Thus, an element such as a transistor can be formed on the p-Si film 7 more easily. 
[0022] Note that a solid-phase growth method shown in (D of a flow chart in FIG 1 is 
also applicable. In other words, the p-Si film 2a may be directly heated by laser 
annealing or the like without forming the a-Si film 6 after selectively etching the crystal 
defect. Consequently, the crystal grain diameter of the p-Si film 2a is further increased, 
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and the surface can be planarized at the same time. 
(2) Second embodiment mode of the invention 

FIG 7 is a flow chart showing a process procedure of a crystal growth method according to 
the second embodiment mode. Further, FIG. 8 (a) to (d), FIGS. 9 (a), (b) are 
cross-sectional views of a crystal growth method according to the second embodiment 
mode, showing the case of (3) in the flow chart of FIG 7. What is different from the first 
embodiment mode is that a step of heating the p-Si film by laser light irradiation to 
increase the crystal grain diameter of the p-Si film is inserted after the step of growing the 
p-Si film by solid phase growth and before the step of selectively etching the crystal defect. 
[0023] First, an a-Si film 12 with a film thickness of about 50 nm is formed on a glass 
substrate 11 by CVD, and a nickel acetate solution is applied thereafter and dried to form a 
nickel film (a Ni film) 13, which is not shown (FIG. 8 (b)). Subsequently, heat treatment 
is carried out at a temperature of 550 °C for four hours thereby dispersing Ni in the a-Si 
film 12 and growing the a-Si film 12 by solid phase growth; thus, a p-Si film 12a including 
a crystal grain 14a is formed. On this occasion, since Ni is dispersed in the a-Si film 12a, 
Ni is accumulated in a grain boundary 15a in the p-Si film 12a. Further, the Ni reacts 
with Si; thus, a silicide is formed. The state after removing the Ni film 13 is shown in 
FIG 8 (c). 

[0024] A TEM micrograph of Ni condition in FIG 8 (c) is shown in FIG 11. The Ni 
silicide is shown in the left part of the figure. FIG 10 (a) is a diagram showing the 
concentration distribution of Ni in the depth direction, which is acquired in the same 
manner as in FIGS. 4 (a) to (c). The horizontal axis indicates the depth (nm) on line 
scales, and the vertical axis indicates the nickel concentration (cm* 3 ) in the p-Si film 12a on 
logarithmic scales. Ni is contained in a concentration of about lxlO 19 cm" 3 on average. 
Further, FIG 12 (a) is a photograph of the crystal surface, showing the result of observing 
irregularities on the surface of the p-Si film 12a. Protrusions are observed in the 
photograph; the heights of the protrusions are about several nm. 

[0025] Next, as shown in FIG 8 (d), the p-Si film 12a is subjected to laser annealing. 
Consequently, the crystal grain 14a grows further by solid phase growth to be a crystal 
grain 14b with a large grain diameter. Subsequently, secco etching is performed as shown 
in FIG 9 (a) to selectively etch the crystal defect including a grain boundary 15b. 
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Concurrently, Ni accumulated in the grain boundary 15b is removed. FIG 10 (b) is a 
diagram showing the concentration distribution of Ni in the depth direction. The 
horizontal axis and the vertical axis indicate the same thing as FIG 10 (a). Ni in the p-Si 
film 12a decreases from the vicinity of the surface, and ranges from 1 x 10 18 to 1 x 10 19 
cm* 3 . 

[0026] Next, as shown in FIG 9 (b), the p-Si film 12b is further grown by solid phase 
growth by laser light irradiation, and the surface is planarized concurrently. Thus, a p-Si 
film 12c is formed on the glass substrate 11 as an element formation layer as a whole. 
FIG 10 (c) is a diagram showing the concentration distribution of Ni in the depth direction. 
The horizontal axis and the vertical axis indicate the same thing as FIG 10 (a). Ni in the 
p-Si film 12c is maintained at a concentration of about 1 x 10 18 cm' 3 or less on average. 
Further, FIG 12 (b) is a photograph of the crystal surface, showing the result of observing 
irregularities on the surface of the p-Si film 12c, and the surface is found to be flat except 
for protrusions. Further, as a result of Raman scattering measurement, the crystal quality 
is confirmed to be good. 

[0027] Note that, in the case of forming an element such as a transistor on the p-Si film 12c, 
the protrusions may be removed by polishing (CMD). The protrusions are so small that 
they do not interfere with the element formation even if they are not removed. As 
described above, according to the second embodiment mode in the case where the a-Si film 
12 is deliberately doped with Ni at high concentration (a concentration of 1 x 10 17 cm* 3 or 
more) for the purpose of improving the growth rate in addition to lowering the solid-phase 
growth temperature, a greater amount of impurities are accumulated in the crystal defect 
15b such as a grain boundary. However, Ni is removed from the p-Si film 12a by etching 
the crystal defect 15b by selective etching. Accordingly, leak current in a transistor or the 
like which is formed on the p-Si film 12c can be reduced. 

[0028] Since the step of heating the p-Si film 12a by laser light irradiation to increase the 
crystal grain diameter of the p-Si film 12a is inserted after the step of growing the p-Si film 
12b by solid phase growth and before the step of selectively etching the crystal defect, the 
crystallinity of the p-Si film 12b is further improved. Accordingly, the mobility of 
carriers in a transistor or the like which is formed on the p-Si film 12c is increased, and the 
resistance can be reduced and the on-state current can be increased. 
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[0029] Owing to the further solid phase growth by laser annealing after etching the crystal 
defect, the crystal grain diameter is further increased and the surface can be planarized. 
Thus, an element such as a transistor can be formed on the p-Si film 17 more easily. In 
addition, a solid-phase growth method shown in @ of a flow chart in FIG 7 is also 
applicable. Specifically, an a-Si film is formed after selective etching of a crystal defect, 
and may be heated by laser annealing. In this manner, the surface can be further 
planarized. 
[0030] 

(3) Third and Fourth embodiment modes of the invention 

FIGS. 13 (a) to (d) are cross-sectional views showing a crystal growth method according to 
the third embodiment mode. What is different from the first and the second embodiment 
modes is that an impurity capturing layer is provided. As shown in FIG 13 (a), a silicon 
oxide film 22 with a film thickness of about 200 nm is formed on a glass substrate 21. 
Further, after forming an a-Si film with a film thickness of about 20 nm, an a-Si film is 
annealed by laser light irradiation at two energy levels of 220 mJ and 330 mJ, for example; 
thus, a p-Si film (impurity capturing layer) 23 with a crystal grain diameter of about 10 nm 
is formed. Note that the temperature reaches about 1410 °C in laser light irradiation; 
however, required energy of laser light varies depending on a laser irradiation apparatus. 
[0031] Subsequently, as shown in FIG 13 (b), an a-Si film 24 with a film thickness of 
about 50 nm and a Ni film 25 are formed in order on the p-Si film 23, and heat treatment is 
carried out thereafter at a temperature of 550 °C for four hours as shown in FIG 13 (c). 
Thus, Ni is dispersed in an a-Si film 24, and the a-Si film 24 is grown into the p-Si film 
24a by solid phase growth. Next, as shown in FIG 13 (c), after removing the Ni film 25, 
the p-Si film 24a is subjected to laser annealing for further solid phase growth to increase 
the crystal grain diameter. In this manner, a p-Si film 24b as an element formation layer 
is formed. At this time, Ni is moved by heating, and is captured in the p-Si film 23. 
[0032] FIG 14 (a) shows a result of examining concentration distribution of Ni in the p-Si 
film 24b and the p-Si film (impurity capturing layer) 23. The horizontal axis indicates the 
depth (nm) on linear scales, and the vertical axis indicates the Ni concentration (cm* 3 ) on 
logarithmic scales. In addition, for comparison, a sample without the p-Si film (impurity 
capturing layer) 23 is also subjected to the same experiment to examine the concentration 
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distribution of Ni in the p-Si film 24b. The findings are shown in FIG 14 (b). 
[0033] According to the findings, a large amount of Ni is captured in the p-Si film 
(impurity capturing layer) 23, and the Ni concentration in the p-Si film 24b is reduced 
correspondingly, which is significantly effective compared with the comparative example. 
Further, as a result of Raman scattering measurement, the crystal quality is confirmed to be 
good. As described above, according to the third embodiment mode, Ni in the p-Si film 
24a which is formed by solid phase growth of a-Si film 24 is moved by heating to be 
captured in the p-Si film (impurity capturing layer) 23 formed under the a-Si film 24. 
Thus, Ni is removed from the p-Si film 24a. Accordingly, leak current in a transistor or 
the like which is formed on the p-Si film 24b can be reduced. 

[0034] Further, since the p-Si film 24a is heated by laser light irradiation after the solid 
phase growth of the p-Si film 24a, the crystal grain diameter of the p-Si film 24b is 
increased; thus, the crystallinity of the p-Si film 24b can be improved. Accordingly, the 
mobility of carriers in a transistor or the like which is formed on the p-Si film 24b is 
increased, resistance is reduced, and on-state current can be increased. 
[0035] Further, in the above description, a p-Si film 23 with density, distribution, and size 
of crystal defect, which are different from the p-Si film 24a or 24b is used for the impurity 
capturing layer; however, as shown in FIG 15, a semiconductor layer with a lattice 
constant different from the p-Si film 24a or 24b, for example, a SiGe film 26 may be used. 
[0036] Also in this case, concentration distribution of Ni in the p-Si film 24b is shown in 
FIG 16 (a) as in the above third mode. Specifically, Ni in the SiGe film 26 is captured, 
and Ni concentration in the p-Si film 24b can be reduced. In addition, FIG 16 (b) shows 
an experimental result of a sample without the SiGe film 26. 
(4) Fifth embodiment mode of the invention 

FIGS. 17 (a) to (d) are cross-sectional views showing a crystal growth method according to 
the fifth embodiment mode. What is different from the third and the fourth embodiment 
modes is that a p-Si film 29 containing phosphorus is formed as an impurity capturing 
v layer on a p-Si film 28 containing Ni, which is formed by solid phase growth. 

[0037] First, a silicon oxide film 22 is formed on a glass substrate 21 as shown in FIG 17 
(a). Subsequently, an a-Si film is doped with Ni (impurities) and grown by solid phase 
growth to form a p-Si film 28 as in the above description. The concentration distribution 
of Ni in the p-Si film 28 here is shown in FIG. 18 (a). Next, a p-Si film (impurity 
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capturing layer) 29 containing phosphorus at a concentration of about 1 x 10 20 cm is 
formed on the p-Si film 28 by CVD as shown in FIG. 17 (b). 

[0038] Next, as shown in FIG 17 (c), Ni in the p-Si film 28 is heated by laser annealing; 
thus, the Ni therein is moved to the p-Si film 29 and captured in the p-Si film 29. At the 
same time, the crystal grain diameter of the p-Si film 28a is grown larger. Subsequently, 
as shown in FIG 17 (d), when the p-Si film 29 is removed, the formation of the element 
formation layer is completed. The concentration distribution of Ni in the p-Si film 28a of 
the time is shown in FIG 18 (b). Specifically, Ni is reduced from the surface of the p-Si 
film 28a. Further, as a result of Raman scattering measurement, the crystal quality is 
confirmed to be good. 

[0039] According to the above fifth embodiment mode, after the p-Si film (impurity 
capturing layer) 29 is formed on the p-Si film 28, Ni in the p-Si film 28a is moved to the 
p-Si film 29 by heating and captured in the p-Si film 29. Thus, Ni in the p-Si film 28a 
can be reduced. Consequently, in the case of forming a transistor or the like on the p-Si 
film 28a, leak current of the transistor can be reduced and the performance can be 
improved. 

[0040] Further, after Ni is captured in the p-Si film 29, the p-Si film 29 is removed; thus, 
Ni can be prevented from returning again to the p-Si film 28a even in the case of adding 
heat treatment thereafter. Further, after the solid-phase growth, laser annealing is further 
applied to perform further solid phase growth to increase the crystal grain diameter. 
Hence, the mobility of carriers in the p-Si film 28a is increased, and the performance of the 
transistor formed on the p-Si film 28a can be improved. 

[0041] Further, p-Si with very low crystallinity or a semiconductor with a different lattice 
constant, for example, SiGe may be used for the impurity capturing layer 29. 
(5) Sixth embodiment mode of the invention 

FIGS. 19 (a) to (e) are cross-sectional views showing a crystal growth method according to 
the sixth embodiment mode. What is different from the above fifth embodiment mode is 
that the p-Si film 30 containing Ni, which is grown by solid phase growth is partially 
etched and air-isolated into a plurality of p-Si films 30a that is to be an element formation 
area, and the space between the plurality of p-Si films 30a is thereafter filled with p-Si 
films 32 containing phosphorus as impurity capturing layers and Ni is captured therein. 
[0042] First, as shown in FIG 19 (a), a silicon oxide film 22 is formed on a glass substrate 
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21. Subsequently, in the same manner as the above description, an a-Si film is doped 
with Ni (impurities) and grown by solid phase growth to form a p-Si film 30. The 
concentration distribution of Ni in the p-Si film 30 of the time is shown in FIG 20 (a). 
Subsequently, as shown in FIG 19 (b), after a resist mask 31 is formed in a region on the 
p-Si film 30 where an element formation layer is to be formed, the p-Si film 30 is removed 
by selective etching with the use of the resist mask 31. Thus, element formation layers 
30a are left on the silicon oxide film 22. 

[0043] Next, as shown in FIG 19 (c), the resist masks 31 are left intact, and p-Si films 
(impurity capturing layers) 32 containing phosphorus at a concentration of about 1 x 10 20 
cm are formed thereover by CVD. The space between the element formation layers 30a 
are filled with the p-Si films 32. Subsequently, the resist masks 31 are removed, and the 
p-Si films 32 filling the spaces between the element formation layers 30a are left by 
lift-off. 

[0044] Next, as shown in FIG 19 (d), laser light is applied to the surfaces of the element 
formation layers 30a and the p-Si films 32 for heating; thus, Ni in the p-Si films 30a is 
moved to the p-Si films 32 and captured in the p-Si films 32, and the crystal grain diameter 
of p-Si films 30b is grown larger. Subsequently, as shown in FIG 19 (e), when the p-Si 
films 32 are removed by using etching rate difference, the formation of the element 
formation layers 30b is completed. The concentration distribution of Ni in the p-Si films 
30b of the time is shown in FIG 20 (b). Specifically, the Ni concentration in the p-Si 
films 30b is reduced to 2 x 10 17 cm' 3 . Further, as a result of Raman scattering 
measurement, the crystal quality is confirmed to be good. 

[0045] According to the above sixth embodiment mode, after the air isolation into the 
plurality of p-Si films 30a that is to be an element formation area, the spaces between the 
p-Si films 30a are filled with the p-Si films 32 containing phosphorus as an impurity 
capturing layer, and Ni is captured therein; thus, Ni in the p-Si films 30b is reduced. 
Therefore, in the case of forming a transistor or the like on the p-Si films 30b, leak current 
of the transistor can be reduced and the performance can be improved. 
[0046] Further, after Ni is captured in the p-Si films 32, the p-Si films 32 are removed; thus, 
Ni can be prevented from returning again to the p-Si films 30b even in the case of adding 
heat treatment thereafter. Further, after the solid-phase growth, laser annealing is further 
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applied to perform further solid phase growth to increase the crystal grain diameter 
Hence, the mobility of carriers in the p-Si films 30b is increased and the performance of 
the transistor formed on the p-Si films 30b can be improved. 

[0047] Further, p-Si with very small crystallinity or a semiconductor with a different lattice 
constant, for example, SiGe may be used for the impurity capturing layers 32. 
(6) Seventh embodiment mode of the invention 

FIGS. 21 (a) to (d) are cross-sectional views showing a crystal growth method according to 
the seventh embodiment mode. A feature of the seventh embodiment mode is that 
impurity capturing layers are formed over and under a p-Si film 34 to be an element 
formation layer. In the seventh embodiment mode, a SiGe film 33 is formed under the 
p-Si film 34, and a p-Si film 35 containing phosphorus is formed over the p-Si film 34. 
[0048] First, as shown in FIG 21 (a), a silicon oxide film 22 is formed on a glass substrate 
21. Subsequently, a SiGe film (impurity capturing layer) 33 with a film thickness of 
about 20 nm and an a-Si film with a film thickness of about 50 nm are formed in order, and 
the a-Si film is thereafter doped with Ni (impurities) to be grown by solid phase growth to 
form the p-Si film 34 in the same manner as the above description. The concentration 
distribution of Ni in the p-Si film 34 of the time is shown in FIG 22 (a). 
[0049] Subsequently, as shown in FIG 21 (b), a p-Si film (impurity capturing layer) 35 
containing phosphorus at a concentration of about 1 x 10 20 cm is formed on the p-Si film 
34 by CVD. Next, as shown in FIG 21 (c), Ni in the p-Si film 34 is heated by laser 
annealing; thus, the Ni therein is moved to the SiGe film 33 and the p-Si film 35 and 
captured in the SiGe film 33 and the p-Si film 35. At the same time, crystal grain 
diameter of the p-Si film 34a is grown larger. 

[0050] Subsequently, as shown in FIG 21 (d), when the p-Si film 35 is removed, the 
formation of an element formation layer 34a is completed. The concentration distribution 
of Ni in the p-Si film 34a of the time is shown in FIG 22 (b). Specifically, the Ni 
concentration in the p-Si film 34a is reduced to 1 x 10 17 cm" 3 or less. Further, as a result 
of Raman scattering measurement, the crystal quality is confirmed to be good. 
[0051] According to the above seventh embodiment mode, Ni in the p-Si film 34a can be 
reduced since the impurity capturing layers 33, 35 are formed over and under the p-Si film 
34 that is to be an element formation layer. Therefore, in the case of forming a transistor 
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or the like on the p-Si film 34a, leak current of the transistor can be reduced and the 
performance can be improved. Further, after Ni is captured in the p-Si film 35, the p-Si 
film 33 is removed; thus, Ni can be prevented from returning again to the p-Si film 34a 
even in the case of adding heat treatment thereafter. 

[0052] Further, after the solid-phase growth, laser annealing is further applied to perform 
further solid phase growth to increase the crystal grain diameter. Hence, the mobility of 
carriers in the p-Si film 34a is increased and the performance of the transistor formed on 
the p-Si film 34a can be improved. Further, p-Si with very low crystallinity or a 
semiconductor with different lattice constant, for example, SiGe may be used for the 
impurity capturing layers 33 and 35. 

[0053] Note that, in the above embodiment mode, the a-Si film is deliberately doped with 
Ni; however, that is also effective in the case where impurities (a light element or a heavy 
metal element) are present in the a-Si film from the beginning. Further, the method for 
removing impurities in the crystal growth method of the invention is applied to the p-Si 
film grown by solid phase growth; however, the removal method can be applied to a p-Si 
film grown by CVD. 
[0054] 

[Effect of the Invention] As described above, according to the present invention, a crystal 
defect that is present in a polysilicon film '(p-Si film), which is formed by solid phase 
growth by heating an amorphous silicon film (a-Si film), is etched selectively. In the case 
where impurities (a light element or a heavy metal element) are present in the a-Si film, the 
impurities are accumulated in crystal grain boundaries or the like during heating for solid 
phase growth or cooling in laser annealing. Thus, the impurities are removed from the 
p-Si film by etching the crystal defect by selective etching. Accordingly, leak current in a 
transistor or the like which is formed on the p-Si film can be reduced. 

[0055] Further, when the p-Si film is heated again after etching the crystal defect, the 
crystal grain diameter is further increased, and a surface having a depression that is an etch 
mark can be planarized. Alternatively, the surface can be planarized by filling the 
depression that is an etch mark by coating the a-Si filpi after etching the crystal defect. 
Thus, the formation of the element in the element formation layer becomes easier. 
[0056] Further, when the p-Si film is heated by laser light irradiation after the step of solid 
phase growth of the p-Si film, the crystal grain diameter of the p-Si film is increased; thus, 
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the crystallinity of the p-Si film can be improved. Consequently, the mobility of carriers 
in a transistor or the like which is formed on the p-Si film is increased and the resistance 
can be reduced, the on-state current is increased, and the response speed can be improved. 
[0057] Further, impurities in the a-Si film or the p-Si film formed by solid phase growth of 
the a-Si film are moved by heating to be captured in an impurity capturing layer formed 
over or under the a-Si film. Thus, the impurities are removed from the p-Si film. 
Accordingly, leak current in a transistor or the like which is formed on the p-Si can be 
reduced. Especially, if the impurity capturing layer is removed after capturing the 
impurities to the impurity capturing layer, the impurities are prevented from returning 
again to the p-Si film even in the case of adding heat treatment thereafter. 
[Brief Description of the Drawings] 

[FIG 1] FIG 1 is a flow chart showing a process procedure of a crystal growth method 
according to the first embodiment mode of the invention. 

[FIG 2] FIGS. 2(a) to (d) are cross-sectional views showing a crystal growth method 
according to the first embodiment mode of the invention (1). 

[FIG 3] FIGS. 3(a) and (b) are cross-sectional views showing a crystal growth method 
according to the first embodiment mode of the invention (2). 

[FIG 4] FIGS. 4(a) to (c) are diagrams each showing Ni concentration distribution in an 
element formation layer in a crystal growth method according to the first embodiment 
mode of the invention. 

[FIG 5] FIG 5 is a photograph of a crystal thin film, showing a surface condition of a p-Si 
film in a crystal growth method according to the first embodiment mode of the invention. 
[FIG 6] FIGS. 6(a) to (c) are photographs of a crystal thin film, showing a surface 
condition of a p-Si film in a crystal growth method according to the first embodiment 
mode of the invention. 

[FIG 7] FIG 7 is a flow chart showing a process procedure of a crystal growth method 
according to the second embodiment mode of the invention. 

[FIG 8] FIGS. 8(a) to (d) are cross-sectional views showing a crystal growth method 
according to the second embodiment mode of the invention (1). 

[FIG. 9] FIGS. 9(a) and (b) are cross-sectional views showing a crystal growth method 
according to the second embodiment mode of the invention (2). 

[FIG 10] FIGS. 10(a) to (c) are diagrams each showing Ni concentration distribution in an 
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element formation layer in a crystal growth method according to the second embodiment 
mode of the invention. 

[FIG 11] FIG 11 is a photograph of a crystal thin film, showing a surface condition of a 
p-Si film in a crystal growth method according to the second embodiment mode of the 
invention. 

[FIG 12] FIGS. 12(a) and (b) are photographs of a crystal thin film, showing a surface 
condition of a p-Si film in a crystal growth method according to the second embodiment 
mode of the invention. 

[FIG 13] FIGS. 13(a) to (d) are cross-sectional views showing a crystal growth method 
according to the third embodiment mode of the invention. 

[FIG 14] FIGS. 14(a) and (b) are diagrams each showing Ni concentration distribution in 
an element formation layer in a crystal growth method according to the third embodiment 
mode of the invention. 

[FIG 15] FIG 15 is a cross-sectional view showing a crystal growth method according to 
the fourth embodiment mode of the invention. 

[FIG 16] FIGS. 16(a) and (b) are diagrams each showing Ni concentration distribution in 
an element formation layer in a crystal growth method according to the fourth embodiment 
mode of the invention. 

[FIG 17] FIGS. 17(a) to (d) are cross-sectional views showing a crystal growth method 
according to the fifth embodiment mode of the invention. 

[FIG 18] FIGS. 18(a) and (b) are diagrams each showing Ni concentration distribution in 
an element formation layer in a crystal growth method according to the fifth embodiment 
mode of the invention. 

[FIG 19] FIGS. 19(a) to (e) are cross-sectional views showing a crystal growth method 
according to the sixth embodiment mode of the invention. 

[FIG 20] FIGS. 20(a) and (b) are diagrams each showing Ni concentration distribution in 
an element formation layer in a crystal growth method according to the sixth embodiment 
mode of the invention. 

[FIG 21] FIGS. 21 are cross-sectional views showing a crystal growth method according 
to the seventh embodiment mode of the invention. 

[FIG 22] FIGS. 22 are diagrams each showing Ni concentration distribution in an element 
formation layer in a crystal growth method according to the seventh embodiment mode of 
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[Explanation of Reference Numerals] 

1, 11, 21 glass substrate, 

2, 6, 12, 24 a-Si film, 

2a, 12a, 12b, 24a, 24b, 28, 30, 30a, 34 p-Si film, 

3, 13, 25 Ni film, 

4, 14a, 14b crystal grain, 

5, 15 a, 15b grain boundary, 

7, 12 c, 28a, 30b, 34a p-Si film (element formation layer), 

22 silicon oxide film, 

23 p-Si film (impurity capturing layer), 

26, 33 SiGe film (impurity capturing layer), 

29, 32, 35 p-Si film containing phosphorus (impurity capturing layer), 
31 resist mask. 
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»«»*ic*J¥L/fcia-c**. *tt»cis»fi«r>T3ii, 

fc®iti (nm) tt**»::*f*fcB«DT*Ufcp - 

S il2aft0^7^Hg (cm" 1 ) £^r. ¥±£|L 
TM 1 X 1 0 " c m" ' ©a^ffl N i ^Sn5. ft 
i5. S I MS©fc*-Agte£5c«mT*£><9. N i tefcf— A 
SATIS A*dBK:ilMftLTV>«ft:a{>. NftSttfcN i » 
Ktttf— ASftfw^ftTSN i fiS-^-ffcL £:*>©£% 
A ens. MC. 06 (a) iip-Si!2 a3?®©IH 

[0 0 17] i^DAi^U^AiMi*®! 
dtldcfcD, 0 2 (d) \Zxi-?£v\Z, **iM&|?-5 

tsmax.n\z&-DT3Ly7>?ifiMtt. mmz. mm®. 

#5C*8fLT^fcN i fcii$n5. 06 (b) «p 
-Sil2 a5l7f>^ Lfc^©^®©[H]in)SS^L 

fci^m**Ti^a«®©^*T»o, n^gf^x-y^ 
^(c^oi&s^nToa/uT^-i.,, 04 (t>) « 

SI$^[6l©N i «Di«»***tHT*4. Sl«l<i:8f*tt 
«04 (a) tl^DT&S. p-S iI2al^ONitt 
fi^im-eixi 0"cm-'ttTigS 

fcftofc. 

[0018] ^(AT. 03 ( a ) (C^-Tcfc o\Z, p-S 
i!2 a±K«f&CBlff*92 0 0Affla-Sil65C 
VDStiOiESricti. *C U-tf3fc£JI»LTa- 
S i!6A^p-S i JK£HffiJ5£g2-a-3<b<hfcfr, % 
S^^JBftfS. mCiO, 03 (b) \Z9*-f£.o 
IC, Jtf^xaSSliK^fftbTJie^JSJitbTWp 
-S IJR7*«JgJ««*n*. 
[0 0 19] 0 4 (c) «g|I£:£|Sj©N i ©»£#*£ 
jfc-TBIT**. ^$fti«J$A«04 (a) LW\K\ZtZiX 
US. 0 3 (b) ©p-S i^7|*I©N i itW-^XK 
1 X 1 0 18 cm" 5 £AT©j@*(C*il#^tlT^-5„ 0 6 

(c) ttp-s i«i7aiBocai!!i*«*bfc»*s*r 
[0020] «±©j:5^. ?g i <»mm<DMm\z &n 

a-S \m2^\ZWLM\Z^m& (1*1X10 
" cm-'U±) ©N i £ K-^^#fc*^, $€»tC^S 
©=F*M&jWiaft«l# 4 ^©^S^Rg d ck (eft 



( 5 ) 
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utt, p-Sil2aW^Ni«4^n5. 
CO 0 2 1] d*ltC<k9. p-S i Bl7 h 

fc. fii*P8oiyf>^»l:a-s i!6$ML, 
-S i 1 7 h 7 >vX^^©^f f^gCft 

So 

[0 0 2 2] &*3, El 1 ©7D- ^V — hCD0-e*t"@ 10 
>#WZa-S iBt6*»fdcb&:^T. p-SiR2a 

SBt&i'— tfTx-^TJra&LTfeJ:^. ^mr«fc 
0. p-S IJK2 aO|»AfKS«tS&K:ilU. *»-3*B 

(2) #»g§©S5 2©*i6©i&8 

1-7D-ft-M'W„ £fc, 08 (a) ~ (d) , 

0 9 (a) , (b) ttSfl 2 0*ttlCfll<5ISaj«fi2r&£ 
5c-f£rM0TabD. 07 07D- h<D©cD*§-&£ 20 

s iK&tniiftu ip-s i <r* 

[0 0 2 3] Sf. 08 (a) K^Ttf^ XS« 1 1 ± 
t. mmms 0 nm©a-S ill 2^CVDfel:iO 

^H*®-yir;HR (Nil) U^ffiJt?, (0 
8 (b) ) „ #<^T\ MSSOt, 4^racDiDf^Ma 30 
£fT<^, a-S III 2tl;Ni*iif[t5tit)l:, 

mmi&mziizt, fcsn&i 4a^tt5p-s iii 

2 a«Sn5. d<D<h£. a-SiI12atl:N 

1 SrteaUTU^co-C 1 . p -S i Jg£ 1 2 a «ft?ttN i & 

< WjSStli. B8 (c) C. Nill3»*L 

[0 0 2 4] 08 (c) ON i ^I©TEM?^@ 1 
1 (C^-r. B0£i©S»!l { N i yiJt'f S 
&. 010 (a) tt04 (a) ~ (c) ilH^lcLT^ 40 

(C^^B^OT-^LfciSI^ (nm) £tkU 
l«0Tilfcp-S iI12 aft<D--y*r)]smm (c 
m"') ^it. ¥i^LTWl x 1 0" cm- s ©illScD 
N i^SilS. HfC 012 (a) lip-S ill2 

amwDwaimrnvft^^-r sss*b<z>^*t& 

[0 0 2 5] ^(C. 0 8 (d) KtkT J: ■?(::, p-S i 
112al;i/-Hf7z-j^lt. znctO. ISAtK 50 
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1 4 att^SKEffifiScSU «ME***S&*MM&1 4 b 
<t&-5. ^T?. 0 9 (a) tCSTJ;5tC. f;3I? 

7f>^T5. c©t*ra«rC. tfiaS9iSbi:«ffi 
LT^fcN i fciS^tlS. Sfc, 010 (b) 
^[^<7)N i CDiga^^-^TS-So «f*i^lft«0 
10 (a) tl^UT&S. p-Sill2atoNitt 

1 x l 0" c m-'tMLTHS, 

[0 0 2 6] #CtC. 09 (b) KlST«fc3K:. U— *fft 
$ISLTp-S ill2 b£££>K@ffl;£fi 2 

l±(C^«:tLr3g^fi£S«tLT©p-S ill2c 
*<f^$ft5. 010 (c) ttgl$^|6]<7)N 1 <E>^# 
f$StBTJ52> 0 ttWl<hiKMH:ISIl 0 (a) tltlCT 
p-Si|12c (*JCDN i ItR^r 1 X 1 0' 8 ~ 1 
X 1 0" cm-'izm&£ftT^2>. 012 (b) ttp- 
S ill 2c *BDCDHi!b*«* Lfctt** jR-T«Sil«® 

[0 0 2 7] 4*, p-SiI12cl:h5>yX^f 
&&&mm (CMD) KJ:D|ifc 

2 ©*K©»ttK: J;ft«. Ht§J5KSSS€rf£T$-&, 
Oricfij§&©[R)±£0-5jfci&, a-S iI12+«f 

(MlxiC'cm-'W) ONlSH-y 

Kg 1 5 b izmmrz Z. i fete -5 a*. IS?i7f>^l:i 
0$SS^PiS 1 5 b&Jl-y^yy-tZZkT'. p-Sil 
12b>f>A^Ni^i2n5. dtldJcD. p-Si 

Ml 2 c (c^fi£$tlfch7>^X^^OU-i7«Sft*<£ 

[0 0 2 8] Sfc, p-S iKl 2 b£@*§fi£fi£-t!-.5 

S©fflH=. ^©HlWCfc 0 p-S Ifltl 2 a£J)D 
JtftU gp-SiI12 aOMSIii$*^<t5Ii 
£^A,Tt-><57i#>, P-S i®|l 2 bCD^fttt^$e>tC 

iRix-r-s. cntcjco. p-siii2ci:ffiit*nfc 

"TUB £ & S. 

[0 0 2 9] MIC. *S»^W©x S /5 l >4r«K:U— !f7 

tlfCiO. p-SiI17^fflh7>yX^O*fi 
fiS^gfcte-s. £c*5. I7©7D-ft-^o®T** 

7f>^l:a-SiI«fiELT. |/-1f7r-;^ 
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[0030] ( 3 ) &$£W<nm 3 %.ztm 4 <D^m<omm 

HI 3 (a) ~ (d) «. $&3<DMm\Z&Z>1&M»f&-Bt^ 
S£^S@T?$5. ±iZBl~&.Zfim2<D]&Wi£mte 

-T, El 3 (a) twTiiC. #7*S1g2 l-tfCBH 
(PJtl 2 0 0 n mO y U 3 >t« 2 2 Jf^t £ <E> 

IJ?l5 2 0nm(Da-S il^Mim 
tf, 2 2 0m J, 3 3 0 m J ©X^l^© 2 grPTr a - 

s iicu- tf^mmvxT--)^. ttaxmmi 10 

0 nmCDp-S i j& (^fM^if^iS) 2 3$Mf5. 

[0 0 3 1] #C^T. IH 1 3 ( b ) tC^T<fc 3 fC. p - 
S i!2 3±l:lJP*f)5 0 nm«a-S i!24tNi 
12 5 &£M£»fiKLfc«. 013 (c) (C^-T^? 
I:. i«5 5 0t, 4B#F^(DjDMa&ff a-Si 
g|2 4KN i $te«:$-a:-5ti:fclCp-S il|24aJ 
0ffifieS^-B--5<, ^(C, 013 (c) \Z^T£?\Z, N 20 

i«2 5£R££L;fc&. V— *f7-—)\,&tiQZ.Z>ZLi:lZ 

Ztl\Z£K). Smgfi&JItLTODp-S il82 4bW 
CCDchi*. JDnJI&KliBN i ttSP»U p-S 
i!2 3ICto«Sn*. 

[0032] 014 (a) lip-Sil (?FiS56%«« 
Jf) 2 3fttfp - S i E£2 4 b|*JCDN i (Dm&ftlti&M 

$ (nm) «t»tt##B£OT?*bfcN i»« 

(cm") Jt*W>&«>. p-S iflt (?F 30 

m^mmm) 2 3*m\st*^im\z-o^-z*>wivm®i* 

ffl/i. p-S iI2 4 brtfflN i ©jgS^fijSrll^L 

fc. M£I$X£B14 (b) ki^t. 
[0 0 3 3] HSi|gfttC«fc*ltf. £-S<£>N i #*p-S i 

bi (^*E^itai) 2 3 4"tc««$nx*3 0, ^w^fe* 

(tp-S il2 4brt©NifiS^fiTLT^5. lfc& 

.fcSK:, ^13 W^SitcJ;n«. a-S iK24©Tl:f 
figbfcp-S i JK (TttttttSB) 2 3K. a-Si8 40 
2 4*Hffl*fiS-a-T»jabfcp-S i!24 a^CN 

p-Sii24aW^Ni»>n5. d*X»rJ;0, 
P-S i!24 bfCJE2/&£tt;t K7>^X*%tf)U-? 

[0 0 3 4] Sfc, p-S iffll2 4 a^HffiefcftStffc 
U— tf^OHaS+CAOp-S 1«2 4 a*J0«kbT 
p — S i§2 4 b CD#pif|$&S£:;*C cf < L-T. 
P-S i!24b ©ttlfctt SiaUS-fr* Z. 
CinCJ;f3, p-S ii2 4bCM^tlfeh7>vX 50 
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^ * >-a»ft £ tf*o £ -e & z. t # s . 

[0 0 3 5] JtciS, ±f5T-«. T*E<»lf«JHi:LT. P 

- S 1124 aXtt2 4 b Kjtf UT&&-5iigil*PlB©« 
flE, »#XB**SStt« P-S IR2 3SfflHTl> 
-5*^ ^4CD^iLT, 0 1 5 tStiSC, p-S 

1 £12 4 aX«2 4 b C»LTl&5^f tSttS 

MAtfS i G eK2 6*fflH4itfcpJiT 

[0 0 3 6] p-S iK24b4 3 «>Nig 

±mm3<DMmiimm. 01 6 (a) t-^-r 

•fciCfc:*. S i Ge|g2 6CN i tfmmztl. 

p-S iK2 4b"f©N i JBS £ 5d <h^T£ 

•5„ &*5, 0 16 (b) teS i Gel2 6 SrSTL&^tt 

m\zr2^T<Dnmm%:-z&z>. 

(4) *«WOJB5©*lfiOJg» 
017 (a) ~ (d) tt. ^5©^(r«*iSftfiKft^ 

2 9*Mtt^5utT*5. 

[0 0 3 7] S-j*. 0 17 (a) fc*T<k'5K:, 
*«2 l±l:yij3>SM2 2^Mt5. geUT. 
±IB£0«»cLTa-S ifltKN I (**6tt)*F-:7 
StTlMfi^tTp-S i!2 8 5Mt5. CO 
t J© p - S i 1 2 8 "t-ON i MM * 1 1 8 (a) 
tC^fo 017 (b) »C^-rj;5(C, p-S i 

12 8±\zmmmi xio" cmou >«r^*$-a-fcp 

- S i M (^ii5E^fii«S) 2 9*CVDftl:iOMt 

[0 0 3 8] ^fC, 017 (c) |-^-r«fc5fC U— tf 
TX-;PSjD^.TS0^T-g>Ci:('«fcf3. p-S i«28 
t*3<DN i £p-S 112 9 l*JfC*£«>;*-t»-T p - S ii2 
9 izWmt* ifefC, p-S iK2 8aOSSeS 

£*£<fi£g£ii-£. 017 (d) \Zm-T£o 

\Z, p-Sil2 9^St5i, $ff«I<Z)M# 
^yr«>. ^0i:g©p-Sili2 8a4'©NiiS^ 
*£0 1 8 (b) (C^To EP%. p-S il28 a<Dm 
IA^NiA«'>LTl>5. SIC. ^T>tftSUf!!l5g<2*S 

[0 0 3 9] ±E»5 0»*CJ:ntf. p-SiS28 

_htrp-s im i^mmmmm) 2 9»BgLfca, aqm 

l:<kOp-S 1128 a?3<DN i^p-Si^29l*I(C 
»»**Tp-S IR2 9fc«lJ*TH*OT, p- 
S 112 8 a^lCN i ^ii^Ci^S. Ctl 
CJ;0, p-Sil82 8al:S7>yXmMlfc 

[0 0 4 0] Sfc, p-Sil2 9t:Ni«ilfc 
^. P-S i!2 9$^St5itT, ^fCUD^fflS* 
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flD*.fc*§^Tfc. p-Sii2 8atCfltfNi*«R« 

tS$^t<LTl^(DT: > p-Sil28a*CD+t 

U7^ftMAt< U p - S i ffi|2 8 a 

tz V y > 5? X * © ft m £ IS] ± £ -t± £ d i *t 7? €r -5 . 

[0 0 4 1] ^*E%}i«)l 2 9 i bT#«fc/h3 

l>MStt©p-S i #J*- 
HfS i G e £fflHT*>«fcV>. 

(5) #^BJ<o|g6CD^ffiCDJgJ» 10 
El 19 (a) ~ (e) ft, W. 6 ©JgffifC^Si^SfiE*^ 
S^^-TifffiiaT-ab-So ±iEif§5CDfl£ig<i:S&-5i:C: ; 5 

«. H«fiK**-a-&N i &^#-r*p-s i«t3o*ap 

»»l:iy?>yH* : FMI*t!!t5a»:Op- S 
iK3 0aC!77'f7U-y3>Lfca. p-Sil 
3 0 a LTU >Sttt4p-S 
iBl3 2 £i!is6>A*., JtHKN i SiiLT^SCtT 

[0 0 4 2] i"T, 019 (a) \Z^ct^\Z. jJ^Ts 

±B3tra«»CbTa-S iBJKN i ffM» SK-^ 
$tTBMfi^ttp-S iK3 O&MfotZ. CCD 
i#cOp-S i!3 04>CDN i jgft#*£02 0 (a) 
K^-f. 019 (b) (C*TJ:^tr. p-S i 

Mt3 0±CDig^;&/f £^l£T^««l~L'v f X hYX 
i'Sl^^Lfct. hVX^ 3 1 K«J;0jgJRW 

cp-s iisosi-v^^L, i&s-r-s. cnti 

0 , v U n >»fls|« 2 2 itcSS^^g 3 0a #38*. 
[0 0 4 3] *IC, 019 (c) \Zvk-T£?\Z, l/>>X 
h?X^3 l^CtSib, ±^5,M©1X10 !1 30 

cmcou -e-fep -s is vtwmmmw) 3 

2*CVDftlCJ:0»J«-rS. SlHHBjSJi 3 0 a ©Mfc 

0 aOIHJKJlfc&gftfcD-S i!3 2^it. 

[0 0 4 4] 0 19 (d) Ic^f gff 

fi£i3 0 a&tfp-S i^3 2*H*»6U— y*Jt€fla» 
bTiD^-T-SCitCtt), p-S i®£3 0 aftcDN i £ 
P-S ii3 2rttC^ifj$1±Tp-S i!3 2\Zffimts 
•a-^iifctr. p - S i BI3 0 bco*SJ|)|&g£;*c#<fi£ 40 

019 (e) tC^fJ:^tC, X.y^ 
>^l/-h^**"JfflLTp-S 113 2 £|&*-r-5>i, 
JimBj$Ji3 o brofpjjW^TT ccoi^cop-s 

1 013 0 b4>CDN i Sft#*£02 0 (b) (CtkT. HP 

p-S il&3 0brtC0N i jBgata*4>U 2X10 
" cirr'tCfcofc. lie, 7 v teft 

[0045] ±c»6©»«fcj:ntf, m^-mi&mmi: 

&-5*t&C0p - S iK3 0 aCITT-fVl/— >a >L 

p - S i!30a ©fSgfC^F»E^Jf®S iLTU > 50 
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p-S 1132 SriS&jA^, ^CCNi £}i 
SLTU-5COT. p-S i!3 0bl*|©NiSIMSt 
5Ct*«Tf5. cntCcfcO. p-S il30bth7 
>^X^£15j5£L<fc*§"&\ h^>^X^CDU — 

[0 0 4 6] P-S 113 2\ZN i £«38Lj£ 

«. p-sii3 2^st5.iT, wzuamn&m^ 

tiaZ-fcig&Th, p-S iI3 0 bWzmzfiN i^BIS 
©SBfrit-TSC II:. @fflfijcficr>«. 

\Z\s-*f7=.—)V*mjLX-£ <SfcH*@j&fi£fT t£A 
e§^t<LT^5©t, p-S ilSOb+ffl+t 
UTCO#»j«^#< U p-Si!3 0bl:MStl 

h 7 >:xX^©14Hg£|B|Ji£-tt& d i#T#£. 
[0 0 4 7] ^«»«II3 2tLT#tl:/hS 

tfSiGe £fflt,>Tt> ckU. 

(6) **WO»7 0*i60»« 
02 1 (a) ~ (d) tt. »7©»»K«S«»fiKfi^ 
ft<£STItSiT$5. * 7 

Ii&5p-S iffi|3 4©±Tfc*tttt»»i*»J*U 
TWCtT*5. i7 0flTH. p-Sit34© 
TlCSiGeK3 3^, p-S il3 4©±CU>^ 
ft^p-S 113 5 4MLTV^ = 

[0 0 4 8] ST. 02 1 (a) tC^Ti^lC #^X 
1«2 1 ±Cy ij n >t« 2 2 Sf^tS. UfclrVC, 
Rf»2 0nmOSlGeI(?M«fiai) 3 3il 
f 15 5 0 nm0 a - S i ItSUCMLfeE ±|Bi 
^iCLta-S ilCNi (*ifs6W £ F — T^S-ST 
@1S^g$-a:. p-Si)i34$MT5. C©£^© 
p-S113 4>f<5NiI^502 2 (a) tC* 
T. 

[0 0 4 9] 02 l (b) i:StJ;5i:. p- 

S i BI3 4±\zm&®l X 1 0" cmCOU 

it P - S i fit (TMMffimm) 3 5&CVDm\z£.K>m 

err*. 021 (c) tc^-rjc^ic, tf 7— 
-ju^taA-Xiam-ir^ c itc<t <3 . p-s H34rto 

Ni^SiGel3 3fiR.tfp-S i IK 3 5l*3fc:fM»S 

tTSiGe!3 3ftR£>*p-S il3 5 

ttfcl:. p-Sl«34a©ISI88S**<**S 

-a- -a. 

[0 0 5 0] 021 ( d ) t^-r«t 3 \Z, p - 

SI135 JiStSi. m?Ml&m 3 4a OfPfiJc^ 
d©t^C0p-S i!3 4 a^WN i IS«^ 
*0 2 2 (b) IC^-T. IP%. P-S i!34 a CON i 

mmtmov. 1x10" cm-'OTcaofc. Mfc, 

[0 0 5 1] ±fB^7CO^^(cJ;tltt*, m^M&mtU 
5p-S 113 4CO±TfC^^jffi5S|g3 3, 3 5*f 
p-S 113 4 a|*ICON i 
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•SCi^'Ttl). Zltl»C«tO. p-S i!34aCf-7 
fc. p-S i^3 5(CN i ^ffi^Lfc^. p-Si!3 

3 shirrs tt. mKtimMW&tuz.rzigi&T'h. 

p-S iI34 afCStCISN i -5 £ <h 

[0 0 5 2] MIC @ffl/&fi£>f£. $ ZiZU— *f7—~ 

Tl^CT, p-S i®!3 4 a^CD+^UTO^liS?: 10 
*£<U p-S il3 4al;MSnfch7>yX^ 

3 3, 3 5tLT#fl:/h$^lttOp-S iXW 

[0053] ±.mmme>Wfm-z\%. a-s ikk 

SStll:Ni$#ALTH5!!|5, ««D^e>a-S i SUc^ 
^ffi*. Htg/Sfibfcp-S i BtKjfifflLT^-a;^. C 20 

vDteic<fco^Lfcp-s i miz*>mm-f2>z.£&~*j 

[0 0 5 4] 

[^BJ<©^] lJA±0«J;5(r. *^HJ(C«tn«. TtJl- 
77X->U3>I (a-S i !&) £})0i&U 
tirT^fi£L7c#U y'J3>I (p-S il) <¥\Z&tE? 

^mmiz^m.^-m^zmmt^. seo-t. ^*?x^^> 30 

y'(r < J;0^S^|5fB*X-y^>y'-r^^ 1 i:T. p-Sil 

<pfrt>^mw-t)m£2ti. z.n\z&9. p-sim\zM 

[0055] £tc, %iM,xm<Dx.y^>t/mzmztv- 
s imzia\im-rz>z.t\z£o, %akn%$:^z*% < l 

u&tmvm-jj-ysfmza-s iitssts^ 

5Ci*5T'f5. rntJcO. Ifl^fiSJf ^^©U 40 

[0 0 5 6] MK, p-S il^lfiffifiSti^IiW 
^(C, I/— p-S iK^iD^T^ili: 

icfctK ip-s i moxgiiktiLmz*^ < lt, p-s 

P-S i MCMSnfc h7 >yX^^©*f 'J 7©g 

[0 0 5 7] a-S iMO±X«TtC^fi£Lfc^F 

MWS^Jflc. a-SiI"f- Xliia-SilM 50 
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!&&tSi±TMf$.Lfzp - S 1^4>©^ii56<feSiD^(Cj;0 
f£»£tfTii3SL.T^-5fc£>. p- S i Wk^frttmm 

ji^^ns. cmc^, p-s i mzT&tfL-zntzh? 
\z. JFM®)ffimmiz^i&vo$:M®i,tz'&, ^m^mmm 
-s i m^\zmz$^mfa&mz><r>$:Mit-?z>z.ii-m-T:^ 

imn *5zw<vm i <nmffi<DMm\z%:z>i&M,i&mijm 
(Dummmz-D ^x^-f 7 n -v - h ~e& z . 

[0 2] *^BJO^l CD|ISS©^(C^S$S^S^S 

[03] *^W(DW,i<nmm<nMm\z&z>®i&f&mj3m 
ic-p^x^-rwsia (^-©2) t*S5. 

[04] ^m<nmi<nmm<Dw^m\z%^^^m 
tc*5^-5*^fiJcei*3CDN i *s#*£*-r0T-&-g>,> 

[05] *mn<nmi<»mffi<nMmiz&2>f£gki&&jj& 
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